Abstract During the spring clear-water phase of 1993, an enclosure experiment was performed in the mesotrophic Schohsee (Plon, FRG) in order to assess the impact of crustacean zooplankton on the rotifer and phytoplankton community. Among the crustacean plankton, calanoid and cyclopoid copepods were abundant, but Daphnia 'longispina' reached the highest densities in this experiment. The colonial rotifer Conochilus unicomis was not affected by crustacean plankton. The two most abundant species, Synchaeta peclinata and Keratella cochlearis, increased exponentially when macrozooplankton had been excluded from the enclosures, but did not increase when crustaceans were present. Birth and death rates of K.cochlearis could be reliably determined in this field experiment, suggesting that this rotifer species was mainly controlled by exploitative competition rather than by mechanical interference or predation. Daphnia 'longispina' generally grazed selectively on the smaller ciliates and algae, thus depriving the rotifers of their phytoplankton resources. The dominant alga, the chrysophycean Dinobryon, increased, whether crustaceans were present or not, but appeared to be grazed upon to a certain extent despite its considerable cell size and colonial organization.
Introduction
Seasonal succession in aquatic communities is a well-documented phenomenon (Sommer et al., 1986) and there have been many attempts to uncover the forces driving population dynamics in the field. Seasonal succession in phytoplankton and zooplankton species has been extensively studied. In the latter group, there is a distinct skewness towards crustacean successional patterns (see reviews by DeMott, 1989; Gliwicz and Pijanowska, 1989; Sommer, 1989; Sterner, 1989) . During the last few decades, abiotic factors have been recognized to be unsatisfactory in explaining the dynamics. There is increasing agreement among researchers that biotic factors are more likely to be responsible for short-term variation in plankton populations.
A lot of studies have revealed the inverse relationship between the abundance of crustacean and rotifer zooplankton in natural environments (see the review by Gilbert, 1988a; May and Jones, 1989; Lampert and Rothhaupt, 1991; May et al., 1993; Conde-Porcuna et al., 1994) . There is good evidence that rotifer species are differentially influenced by crustaceans via predation and competition. Cyclopoid copepods have often been described as effective predators of rotifers (Williamson, 1983) , but some calanoid species may include rotifers in their diets, too (Williamson and Butler, 1986; Schulze and Folt, 1990) . When rotifers and crustaceans are abundant at the same time, they often compete for the same algal resources (exploitative competition). A lot of investigations were preoccupied with the impact of grazing crustacean plankton on phytoplankton (see the review by Sterner, 1989; Kerfoot et al., 1988; Elser, 1992) . Generally, cladocerans are considered to be the most effective grazers among the crustaceans and tend to eliminate 'edible' algae from the plankton, whereas grazing-resistant algae are likely to benefit from the nutrients released by the grazing zooplankton. Although there may be deviations and exceptions from this simple pattern (e.g. Sarnelle, 1992) , cladocerans appear to compete strongly with rotifers for the resources they share, but calanoids and omnivorous copepods are also potential competitors.
A second type of competition occurs when some rotifer species are swept into the branchial chamber of large cladocerans (interference competition or mechanical interference), which may result in mortal damage to the rotifer. In many laboratory experiments, Gilbert (e.g. 1988b) and other investigators have shown convincingly that many cladoceran species are able to impose enhanced mortality rates on various rotifer species by this mechanism. However, it is difficult to assess the extent of interference competition in the field, because the two types of competition normally operate concomitantly.
Although laboratory studies have demonstrated all of the above-mentioned effects of crustaceans on rotifers, and field data have provided circumstantial evidence for these negative influences of the crustaceans on rotifers, experimental evidence for the effect of crustacean zooplankton on the population dynamics of rotifers in the field is scarce (Neill, 1984; Threlkeld and Choinski, 1987; Havens, 1993) .
In the present study, I wanted to test the hypothesis that crustaceans influence rotifer and phytoplankton under natural conditions during the clear-water phase in spring. This is the period where the largest changes in densities of filter-feeding zooplankton are normally found (e.g. Lampert et ai, 1986) . Enclosures were used, which are a promising approach for bridging the gap between laboratory experiments and data collected in the field. The analysis of birth and death rates of the rotifers under different experimental conditions (enclosures with and without crustacean plankton) should reveal whether exploitative competition plays a dominant role, leading to lower birth rates of the rotifers in enclosures with crustaceans added, or whether interference competition and predation are the structuring mechanisms of rotifer population dynamics. Increased death rates under conditions with crustaceans present would indicate the latter.
Method

Study site and experimental set-up
Six in situ enclosures were used to study the changes of rotifer and phytoplankton communities in the presence and absence of crustacean zooplankton.
The experiment was carried out in the Sch6hsee (80 ha, maximum depth 30 m, mean depth 13 m), a mesotrophic lake in P16n, northern Germany. The enclosures were located near the Max Planck Institute, -30 m offshore. Six plastic enclosure bags, open at the top (1 m in diameter and 3 m long), were mounted on two connected buoyant aluminium rafts that were moored in water that is >8 m deep. On 4 May 1993, each enclosure bag was filled with 2 m 3 of lake water pumped from 1 m depth and screened through a 100 urn mesh net. The majority of the SchOhsee rotifer plankton passed through this net, whereas larger crustacean zooplankton were excluded from the bags by this treatment. Two hours after the filling procedure, plankton >100 u,m were collected from the lake by vertical net hauls and added to three of the six plastic bags. An attempt was made to set initial densities of net plankton comparable to those in the lake. These three enclosures served as controls, while the other three bags were 'treated' by excluding larger zooplankton. The alignment of the enclosures on the rafts was such that treated and untreated bags were alternated. The low number of experimental units in this study made a systematic design appear more appropriate than a completely randomized one (Hurlbert, 1984) . The enclosure experiment was run for 3 weeks, from May 4 until May 26,1993, i.e . during the clear-water phase in the Schohsee.
Collection of data
Samples were taken in the morning, every other day for the first 10 days, and at longer intervals during the second part of the experiment. The first samples were taken 2 days after the filling procedure on 6 May (day 0) to allow dispersal of the organisms that were added to the bags. Before the sampling procedure started, water temperature was measured in each enclosure bag as well as in the lake next to the enclosures at different depths. Each enclosure bag was sampled at a depth of 1 m, after mixing the water with a 4-fold up-and-down motion of a Secchi disk.
A 2.2 1 Ruttner sampler was used to sample phytoplankton, ciliates, rotifers, nauplius larvae and water for the chemical analyses. Two samples were taken from each bag and transferred to the laboratory. One was analysed for particulate organic carbon (POC) <250 u,m, chlorophyll a, total phosphorus (TP), ammonium and nitrate. A 100 ml volume of the other sample was preserved in Lugol's iodine for phytoplankton and ciliate counts. For rotifers and nauplii, 2 1 were screened through a 30 u.m gauze and preserved in 4% formaldehyde. Larger zooplankton were sampled with a 7.41 vertical Plexiglas sampler. The whole sample was filtered through a 100 u.m mesh sieve and preserved in 4% sucrose-formaldehyde with eosin.
Phytoplankton and ciliates were sedimented in 50 ml UtermOhl chambers and counted with an inverted microscope at 500 X or 125 X magnification. For counting, the algae were identified up to the genus level, except for solitary and colonial Chlorophyceae and diatoms, which were lumped, respectively. Since it is impossible to identify Lugol-preserved ciliates properly, they were assigned to either of two size classes: maximal length <20 or £20 p,m. At least 100 objects were counted in each sample for the more abundant taxa and the numbers per litre were calculated. In some samples, phytoplankton and ciliates were measured using a computer-based image-analysis system (Soft-Imaging Software, MUnster, FRG). Each taxon or group with £20 individuals was measured and the volume of comparable geometric bodies was calculated. Estimates of the biovolume of the algal or ciliate taxa were calculated by multiplying volume by abundance.
Rotifers were sedimented in 10 ml Utermdhl chambers and all individuals were identified at the species level and counted with an inverted microscope at 125 X. Moreover, the number of subitaneous eggs of Keratella cochlearis was determined. Unlike Keratella, the females of Synchaeta pectinata do not carry their eggs attached to the body, but drop them. This most likely leads to increased mortality of the eggs in comparison with the species which carry their eggs, as a result of sedimentation of the eggs and predation of the free eggs (Gilbert, 1988a) . Hence, it was not possible to determine the egg ratio for this species with satisfying accuracy.
Larger (= crustacean) plankton were counted with a dissecting microscope at 12 X.Three taxa were distinguished: (i) calanoid copepods (without nauplii) with Eudiaptomus spp. being the only calanoid genus to be abundant in the Schdhsee; (ii) cyclopoid copepods (without nauplii); (iii) cladocerans, where almost all individuals that occurred during the study belonged to the Daphnia longispina complex. On days 0,10 and 20, the carapace lengths of -40 Daphnia in the three + crustacean enclosures were measured with Wild MMS measuring equipment.
Plankton data from the experiment are occasionally compared to data from the lake, which stem from a weekly sampling routine. Collection equipment and counting procedures are identical with the procedures described above.
Analysis of data
The instantaneous population growth rate, r m , is the appropriate measure to quantify the increase of exponentially growing rotifer communities. The value In (females I" 1 ) from all replicate enclosures was regressed against time for the two most abundant rotifer species (K.cochlearis, S.pectinata) in this experiment and separately for each of the two treatments. The slopes of the resulting regression lines equal r m .
Using egg ratio data of K.cochlearis, the instantaneous birth rates b were calculated for each sampling date with Paloheimo's (1974) equation. For K.cochlearis, an experimentally well-founded function of the species specific egg development time is given by Walz (1983) : D~l = 4.20 X 10 9 X e^6 566^, where D is the egg development time in days and Tis the absolute temperature in degrees Kelvin. In order to make the calculations of birth rates (for K.cochlearis) comparable to the growth rates determined by regression against the total duration of the experiment, the b values on each sampling date were applied to the observed number of individuals on day 0 and to a calculated number of individuals on the following sampling dates with where N t and iV, + \ are the calculated densities (H) at the start and the end of a sampling interval (except N^Q. observed densities), b t is the instantaneous birth rate (day-1 ) at the start of the sampling interval, and At is the duration (days) of the sampling interval.
This resulted in hypothetical abundance versus time graphs that reflect the potential growth capacity of a K.cochlearis population for the case that no mortality acts on the individuals ( Figure 5 ). Analogous to the observed numbers, the data were log transformed and the slope of the regression was taken as a measure for the birth rate that prevailed throughout the investigation period. This method to determine growth and birth rates is superior to the simple calculation of means of rates from separate time intervals in that the results are not significantly affected by random fluctuations at low abundances.
To detect intra-and interspecific differences of the rotifers' growth and birth rates between treatments as well as within treatments, ANCOVAs with In (abundance) as dependent variable and sampling day as covariate were computed. The independent variables were, alternatively: type of treatment: -/+ crustaceans; type of rate: growth/birth rate; or type of species: K.cochlearis/S.pectinata. Subsequently, tests for the equality of slopes of the two regression lines were performed. When growth rates were compared to birth rates, significant differences between the slopes were interpreted to be due to mortality of rotifers associated with the presence of crustaceans.
All other plankton taxa, Keratella's egg ratios, chlorophyll a, POC and chemical parameters were tested for treatment effects by ANOVA, with crustacean presence or absence as between-groups factors and time (sampling dates except day 0) as repeated measures factors. Since only effects by treatment (and not by duration of the experiment) are considered here, degrees of freedom need not be adjusted (Hurlbert and White, 1993) . Finally Mests were conducted for all taxa and chemical parameters (except crustacean zooplankton) for between-treatment differences on day 0, to exclude the possibility that either the initial filling was biased or that any major shifts occurred in the first 2 days after the enclosures had been filled. All computation was done with a STATISTICA for Windows 4.3 software package.
Results
This enclosure experiment attempts to assess the effect of crustacean plankton on smaller components of the planktonic food web. Screening with a 100 u.m gauze eliminated almost all crustacean plankton in the respective treatment, except for nauplii ( Figure 1 ). Differences between the two treatments were significant for all four crustacean taxa (Table I) . Towards the end of the study, there was a slight increase of copepods in the crustacean-free treatment which is probably attributable to the growth of nauplius larvae into copepodites. When crustaceans were added to the bags they were able to establish (D.'longispina') or to maintain (copepods) a population at least for half of the investigation period. Almost all cladocerans that occurred in this experiment were Daphnia belonging to the longispina complex, -90% of them being D.galeata X hyalina hybrids. On day 10, when Daphnia numbers were maximal, the largest animals tended to be smaller than at the beginning and much smaller than at the end of the experiment ( Figure  2 ). The cyclopoid copepod species comprised Thermocyclops oithonoides, Mesocyclops leuckarti (copepodites) and, sporadically, Cyclops abyssorum, C.kolensis and Acanthocyclops robustus. The calanoid copepod population consisted of the two species: Eudiaptomus gracilis and E.graciloides. Other crustacean taxa did not become important. Copepod densities in the lake were slightly higher than in the enclosures during the study period. The highest abundance of Daphnia in the Schbhsee was observed on day 12 (May 18). With -60 Daphnia I" 1 at a depth of 6 m, the maximum in the lake was not quite as pronounced as in the experiment.
Chlorophyll a increased considerably during the study (Figure 3 ; Table I ), but there were no significant differences between the two treatments on the last two sampling dates (P = 0.17, P -0.28; separate r-tests). The increase of POC <250 jim was much more pronounced in the treatment without crustacean plankton. TP oscillated slightly around 10 p-g H until day 13. On day 20, abnormally high values of TP and ammonium were observed in one of the no-crustacean enclosure bags. Nitrate decreased more rapidly in the absence of crustacean plankton. Three rotifer species made up at least 80% of the whole rotifer community at any time during the experiment: K.cochlearis, S.pectinata and Conochilus unicornis ( Figure 4 ). All these species did not differ in abundance in enclosures of different treatments on day 0. Among the other species, Polyarthra spp. and Keratella quadrat a were most important. Conochilus unicornis became extinct in the treatment where crustacean plankton were added as well as in the crustaceanfree environment and in the lake. No significant differences between the two treatments could be detected for this rotifer species. Whether crustacean plankton were present or not made a great difference to the densities of K.cochlearis and S.pectinata. Keratella cochlea/is was the most abundant rotifer species in both treatments, but reached much higher densities, when the enclosures contained no crustaceans. Synchaeta pectinata was almost completely absent from the bags with crustacean plankton, whereas these rotifers rapidly built up a population in the absence of crustaceans (Figures 4 and 5) . On day 10 of the experiment, the population reached a maximum, but then crashed towards the end of the study. In the Schdhsee, the numbers of the two rotifer species resembled the low values in the + crustacean treatment.
After the rotifer numbers were log transformed, linear regressions could successfully be fitted to the data ( Figure 5 ) originating from the crustacean-free enclosures {K.cochlearis: R 2 = 0.91, P < 0.001; S.pectinata: R 2 = 0.96, P < 0.001). In the case oi K.cochlearis, all sampling dates were included for the calculation of the regression line; for S.pectinata, only those data were utilized that fell into the phase of increasing population numbers (day 0-day 10). The slopes of these regression lines, equivalent to the individual growth rates r m , differed very much for the two rotifer species (Table II) . Keratella cochlearis displayed a rather slow mode of population increase (r m = 0.17 day 1 ) compared to S.pectinata, whose abundance almost doubled each day (r m = 0.61 day-1 ). From day 2 onwards, the egg ratios (number of subitaneous eggs per female) of K.cochlearis were consistently higher when no crustaceans were present. Water temperature varied between 13.1°C (day 2) and 17.9°C (day 20), but differences between the enclosure bags never exceeded 0.1°C on the same day. Consequently, the birth rates, i.e. the slopes of the regressions of predicted and log-transformed abundances, also differed between the two treatments. Figure 6 summarizes the results for K.cochlearis in terms of population parameters. For the no-crustacean treatment, no significant difference could be detected between birth rate b and growth rate r m . Since b-r m = m, graphically represented in Figure 6 by the difference between the b and the r m bar, no significant mortality of K.cochlearis was found in this treatment. When crustaceans were added, b and r m differed significantly (Table II) , the presence of crustaceans imposed an increased mortality on the rotifers. At -0.07 day 1 , this mortality rate was only half as much as the decrease in birth rate caused by the presence of crustaceans.
Phytoplankton counts were transferred to biovolume to allow better comparison between the different taxa. All plankton groups mentioned hereafter showed no significant between-treatment differences on day 0, except Rhodomonas. Two major phytoplankton groups, Chlorophyceae and Chrysophyceae, comprised -65% of the total algal biovolume in both treatments (means of all sampling dates; Figure 7 ). The most important taxon was the colonial chrysophycean Dinobryon sp. which increased from around zero at day 0 to as much as 2.8 mm 3 1" 1 in the absence of crustaceans. Although considerably lower with 0.8 mm 3 1" 1 (on day 20), Dinobryon was still the dominant alga in the + crustacean treatment (see Table I for differences by treatment effects). Colonial Chlorophyceae, especially those taxa with a gelatinous sheath, became more abundant during the experiment when crustaceans were present. The biovolume of solitary Chlorophyceae was more or less the same in the two different types of enclosure treatment (except on day 6). In the no-crustacean treatment, the total algal biovolume was almost twice as high as in the + crustacean treatment. This gain in phytoplankton was almost exclusively due to the increase of Dinobryon. The overwhelming biovolume of this colonial chrysophycean should not obstruct our view on the dynamics of other phytoplankton taxa. Small solitary algae may play an important part as food particles for all types of zooplankton, even if their percentage of total algal biovolume is comparably low.
Rhodomonas sp. for example, the most abundant cryptophycean, slightly decreased in the presence of crustaceans. In the crustacean-free treatment, it reached low densities during the last half of the experiment, i.e. when rotifer plankton were increasing (Figure 8) . Most of the other phytoplankton taxa thrived when crustacean plankton were absent (small Peridinium, Gymnodinium, Ceratium, centric diatoms; Table I ).
Planktonic ciliates attained 4-5% of the total algal biovolume and were affected very differently, depending on size. Small ciliates (longest dimension <20 jim) occurred only in the crustacean-free enclosures, whereas larger ciliates showed no difference between the two treatments (Table I, Figure 8 ). 
Discussion
Screening appeared to be an effective method of removing crustacean plankton from the lake water. Passing through the screen apparently did not have any major lethal effects on the smaller zooplankton or the phytoplankton. TP and ammonium indicate that there was organic matter of animal origin in one enclosure on day 20, which is likely to have originated from the environment (e.g. water fowl). The respective bag was checked for abnormal performance with respect to other parameters and, since there was none and the interference occurred only at the end of the study, the data were used in the analysis In those enclosures that had received crustaceans, D.'longispina' performed, despite confinement, their typical spring clear-water phase dynamics. Lampert et al. (1986) observed maximal Daphnia biomass and Secchi transparency in the Schohsee by mid-May in 1983. Ten years later, during the present investigation, I found these maxima to fall on 18 May in a weekly survey (unpublished data), which corresponds very well with the experimental Daphnia maximum on day 10 (16 May). Thus, we may expect that the control enclosures mimicked the lake, whereas the plankton in the other plastic bags experience a 'clear-water' phase without any clearance by Daphnia (and Eudiaptomus). However, crustaceans confined in the enclosures were not able to migrate vertically. There was a permanent spatial overlap between all types of plankton in the enclosures. Under natural conditions, migrating and non-migrating plankton may be separated for some part of the day. For this reason, it is possible that the impact of crustaceans on rotifers and phytoplankton in the lake was considerably smaller than was assessed in this experiment. Copepods played a smaller part than Daphnia, especially in the latter half of the experiment. Eudiaptomus and herbivorous copepodite stages of cyclopoids were probably outcompeted by D. 'longispina'. Muck and Lampert (1984) showed that the cladoceran exhibits higher feeding rates per individual than Eudiaptomus, especially under non-oligotrophic conditions. Moreover, by means of their parthenogenic mode of reproduction, Daphnia are able to exploit rich algal resources quickly and thoroughly, and thus render copepods inferior competitors, because of the time-consuming larval development (Rothhaupt, 1990) .
Whether crustaceans were present or not made a striking difference to most rotifer species. Among the more abundant rotifers, only the colonial species C.unicomis appeared to be unaffected by the presence of crustaceans. It is known that colony formation in this rotifer genus reduces the risk of both copepod predation (Williamson, 1983) and mechanical interference from Daphnia (Gilbert, 1988b) . Edmondson and Litt (1982) reported an increase of Conochilus hippocrepis after Daphnia became common in Lake Washington in 1976. In this experiment, C.unicomis were obviously not able to take advantage of their presumed protection from crustacean plankton, but became extinct in all enclosures for reasons other than those covered by the experimental design.
The soft-bodied, but relatively large (adult size up to 400 jun) rotifer Spectinata displayed dramatic differences between the two treatments. Completely suppressed in the presence of crustaceans Synchaeta increased exponentially, when released from this pressure, at rates comparable to those found in laboratory experiments under optimal food conditions (Stemberger and Gilbert, 1985: r max = 0.80 day 1 , this study: r m = 0.61 day 1 ). When one considers the relatively slow-growing K.cochlearis (r m = 0.17 day 1 ), the two rotifers represented a typical example for the K s and the r^ strategy (Walz, 1993) in this field experiment. Since it was not possible to calculate birth and death rates for Spectinata, it is difficult to decide whether Spectinata was outcompeted by Daphnia (and Eudiaptomus), whether it was preyed upon by cyclopoids, or whether both mechanisms were operating in the + crustacean treatment. At any rate, mechanical interference by D. 'longispina' seems to be unlikely. Gilbert (1988b) found that S.pectinata was only moderately susceptible to interference by the much larger Daphnia pulex. Inter-specific competition between rotifers may have been responsible for the rapid decline of Synchaeta after day 10. The crash of the population coincided with the increase of K.cochlearis, which is known to attain much lower r values (and did so in this experiment), but also has much smaller food requirements than S.pectinata (Stemberger and Gilbert, 1985) . Rhodomonas sp., an important potential food organism for the two rotifers, was probably grazed down by Spectinata to a level where only Keratella with its specific threshold food concentration could survive at positive population growth rates. There were no control treatments with these rotifer species growing independently from one another. I am not able to exclude causes other than those mentioned above (e.g. increase of temperature) for the sudden decline of Synchaeta.
Since egg ratios and birth and death rates could be determined for K.cochlearis, it is possible to draw conclusions on the kind of mechanisms by which these rotifers were suppressed in the presence of crustacean plankton. Predation by cyclopoids, as well as interference by Daphnia, are lethal factors imposed on the rotifer individuals and are therefore most likely to be reflected in an increased mortality. Exploitative competition by Daphnia (and Eudiaptomus) ought to have its correlate in a decreased natality (May and Jones 1989; Conde-Porcuna et al., 1994) . Considering the heavily reduced birth rate and only 50% increase in death rate of K.cochlearis in the presence of crustaceans, there is good evidence that resource-mediated competition is the major type of interaction between the two taxa. The relatively low densities of copepods towards the end of the experiment also suggest that predation was of minor importance.
Mechanical interference by Daphnia on rotifers is a well-documented phenomenon in laboratory experiments with artificial (Gilbert, 1988b; Maclsaac and Gilbert, 1991) as well as natural (Gilbert, 1989) rotifer communities. Nonetheless, investigators have not been able to assess the relative importance of exploitative versus interference competition in the field, unless the proportion of the latter turned out to be zero. In water bodies that are not extremely eutrophic, interference competition probably always occurs concomitantly with exploitative competition, which makes the separation of the two effects difficult. Cases where rotifers are likely to be suppressed by exploitative competition alone are conceivable and have been reported (Neill, 1984; reassessed in Maclsaac and Gilbert, 1991; Conde-Porcuna et al., 1994) . The carapace length of the Daphnia is most probably the major factor which decides if and to what extent mechanical interference operates on a rotifer species. In laboratory studies -1.2 mm was found to be the critical cladoceran size, below which rotifers were not mechanically interfered with (Burns and Gilbert, 1986) . In a field mesocosm experiment, Wickham and Gilbert (1991) were not able to detect any significant effect of Daphnia galeata mendotae with a mean size of 1.31 mm on K.cochlearis and two other abundant rotifer species. Because of the high proportion of juvenile D. 'longispina' that occurred during the rapid population increase in the present study, the large majority of Daphnia lay below the critical value and thus were most probably too small to suppress markedly K.cochlearis by mechanical interference. Only at the end of the investigation was there a considerable proportion of larger Daphnia, but the population densities of the daphnids were much lower when compared to the densities on day 10 and absolute numbers of K.cochlearis were too small to allow reliable mortality calculations on a day-to-day basis. If mechanical interference had been of major importance, one would have expected rotifer species like Cunicornis, S.pectinata and K.quadrata, that are relatively interference resistant compared to K.cochlearis (Gilbert, 1988b) , to be more successful in the + crustacean treatment. In conclusion, we may say that predation and/or mechanical interference by crustaceans were important enough to impose increased mortality on K.cochlearis during the clear-water phase, but about two-thirds of the rotifers' loss in growth rate are explained by exploitative competition.
Non-specialized rotifers preferentially consume algal cells in the 4-17 |xm size range (Pourriot, 1977; Gilbert, 1985) , which completely overlaps with the food spectrum filtered by D.'longispina' (Gliwicz, 1977) . Exploitative competition between the two taxa ought to be reflected in the composition of phytoplankton in this size range. In the present study three algal taxa fall into the <17 u.m spectrum: small Chlorophyceae, Rhodomonas sp. and small centric diatoms. Rhodomonas and diatoms decreased in the + crustacean treatment, but Rhodomonas was the only taxon to be equally reduced in the crustacean-free (= high-rotifer) treatment.
CFassmanD
Differences between treatments for Rhodomonas on day 0 are likely to be due to grazing by Daphnia and Eudiaptomus in the 2 day period between experimental set-up and first sampling. The supply with Rhodomonas alone might not have been sufficient to sustain the population growth of K.cochlearis towards the end and of S.pectinata in the middle of the experiment. Stemberger and Gilbert (1985) determined the threshold food concentration, where r m = 0, at 0.06 |xg mh 1 dry mass for K.cochlearis and at 0.50 p,g ml" 1 for S.pectinata, when the animals were fed easily ingestible cryptomonads in the laboratory. Rhodomonas dry mass in the present investigation never exceeded 0.024 u.g ml" 1 , when algal biovolume (mm 3 1" 1 ) was converted into dry mass (jxg ml" 1 ) using the factor 1/3 (Nalewajko, 1966; Rocha and Duncan, 1985) . For the three 'edible' phytoplankton groups, 0.067 n.g ml" 1 was the highest value observed. If the laboratory data can be transferred to the field, the rotifers should have exploited resources other than Rhodomonas in the case of K.cochlearis and other than the three algal taxa mentioned before in the case of S.pectinata. It is uncertain as to what constituted alternative food sources. Possible sources are: (i) solitary Chlorophyceae that were grazed, but did not decrease because productivity was high enough to compensate for the losses; (ii) bacteria, heterotrophic flagellates and small ciliates (Arndt, 1993; Gilbert and Jack, 1993; Sanders and Wickham, 1993) ; (iii) Dinobryon, if the rotifers managed to remove the monads from the vase-shaped cell loricas One could also argue that the field algae in the Schohsee had higher food quality than Stemberger and Gilbert's laboratory-grown strains or that the rotifers' ingestion rates were lower under laboratory conditions Small (<20 \im, mean size 16 \im), but not large (>20 p,m, mean size 29 ftm) ciliates were absent from the enclosures when crustaceans were added. This phenomenon is best explained when we assume size-selective clearance by Daphnia (Bums, 1968; McCauley and Downing, 1985) . Cyclopoids often prefer smaller sized prey items to larger ones (Brandl and Fernando, 1975; Gliwicz and Umana, 1994) , but other studies suggest that the opposite is more likely to be true among ciliates (Wiackowski et aL, 1994; Wickham, 1995) or that ciliate size is not a relevant factor (Wickham, 1995) . Larger ciliates would be favoured over smaller ones when grazing pressure by filter-feeding cladocerans is high, but predation by cyclopoids low. Predation on small ciliates by rotifers (Gilbert and Jack, 1993) , if present at all, appeared to be far less important than the impact of crustacean plankton on ciliates.
Most phytoplankton taxa were negatively influenced by the presence of crustacean plankton, but favoured when only rotifers were abundant (see above for Rhodomonas). This was also observed by Havens (1993) , who studied the differential impact of macro-and microzooplankton on algae in an enclosure study. In my experiment, small algal cells (e.g. Rhodomonas, centric diatoms) were more affected by crustaceans than large ones (Ceratium, large Peridinium), which suggests that size-selective grazing by D. 'longispina'had a strong impact on the phytoplankton community. There were two important exceptions from this pattern: (i) despite their considerable cell size (48 ^m) and colony formation, Dinobryon sp. reached higher biovolumes in the absence of crustaceans; and (ii) the smallest algal cells, solitary Chlorophyceae, did not differ between both treatments It is unclear why these easily ingestible green algae were not reduced by Daphnia, but Kniseley Importance of crustacean xooplankton in aquatic communities and Geller (1986) also observed that D.hyalina and D.galeata grazed a lot more efficiently on cryptomonads than on coccales. The coccale cells may have passed through the guts of Daphnia in a viable condition and were thus able to take advantage of the nutrients released by cladoceran grazing (Porter, 1975) .
Towards the end of the clear-water phase, Dinobryon became dominant in the Schohsee for two consecutive years (1993 and 1994; personal observation) . Plausible hypotheses on phytoplankton succession (Porter, 1973; Sommer et ai, 1986) suggest that colonial algae are favoured by their supposed grazing resistance to cladocerans. In the present study, this assumption only holds for colonial (especially gelatinous) green algae, whereas Dinobryon is more successful in the absence than in the presence of crustacean plankton. In the SchOhsee, the chrysophyte colonies are more likely to become abundant by the end of May independently of their preceding exposure to grazing. There is some evidence that Dinobryon, despite their relatively large cell size (48 u,m) and colonial organization, need not necessarily be regarded as grazing resistant. Infante (1973) detected empty loricas of Dinobryon in the guts of D.'longispina' and argued that the monads are digested by the cladoceran. Knisely and Geller (1986) , however, found that D.hyalina and D.galeata select against Dinobryon. In an enclosure experiment, Svensson and Stenson (1991) found Dinobryon spp. to be favoured when the main grazer, Eudiaptomus gracilis, was excluded. In the treatment with herbivores, adults and copepodites of E.gracilis (maximum density 22 I" 1 ) eliminated most Dinobryon spp. within 3 weeks. In the present investigation, cladoceran and calanoid grazing may have jointly prevented even vaster blooms of chrysophytes. Finally, in a survey of in situ grazing experiments, Sarnelle (1992) reports, contrary to the current state of theory, that Daphnia grazing in six out of 10 experiments reduced the relative abundance of so-called resistant algae. The present study, with an especially high response of Dinobryon in the crustacean-free treatment, fits into this scheme. There is already an earlier SchOhsee experiment (Lampert et al, 1986 ) on Sarnelle's list and it serves as an example for increased 'inedible' algal biomass in the presence of Daphnia. The post-clear-water bloom of Dinobryon seems to be a rather recent component of algal succession in the Schdhsee.
In conclusion, the effects of herbivorous crustacean and rotifer plankton on the composition of phytoplankton are of a subtle nature, and often not described with sufficient accuracy by summary parameters like chlorophyll or POC. Competition for resources may be masked by a high proportion of inedible algae when it operates on qualitatively, but not quantitatively (in terms of biovolume) important algal food. I have shown exploitative competition between crustaceans and rotifers to be of paramount importance during the SchShsee clear-water phase in 1993. This does not imply that predation and mechanical interference cannot be more important at different times of the year, when the size structure or species composition of the zooplankton has changed.
